Introduction
Patients treated with intravenous recombinant tissue plasminogen activator (rt-PA) within the first three hours after stroke have a favourable clinical outcome at three months post-stroke as compared with patients treated with placebo [1, 2] . Similar treatment effects have been found after six months and one year poststroke [3] . The benefit of rt-PA is thought to be due to the early recanalisation of occluded arteries, resulting in increased cerebral reperfusion [4] and a subsequent reduction of lesion volume [5] . The sooner thrombolytic treatment is administered after stroke,the greater the efficacy of the treatment [6, 7] . Although the majority of studies report a beneficial effect of rt-PA, there are also some reports of adverse effects, such as an increased mortality and intracerebral haemorrhage in the first week post-stroke [1] , and neurotoxic effects of rt-PA via potentiation of excitotoxicity when recanalisation after treatment is unsuccessful [8] .
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■ Key words thrombolysis · acute stroke · cognition · functional outcome while it has been shown that patients treated with rt-PA have a favourable outcome with respect to basic activities of daily life (bADL) [1] [2] [3] ,it is unknown whether this also applies to more complex activities that are necessary for independence at home (instrumental ADL: iADL).
The aim of this study was to examine if intravenous rt-PA treatment in the first three hours post-stroke has a beneficial effect on cognitive and functional outcome after six months, independent of demographic factors and stroke severity at baseline.
Methods

■ Patients
Patients with a first-ever symptomatic ischaemic stroke admitted to dedicated stroke units of three hospitals in The Netherlands (University Medical Centre Utrecht, St. Elisabeth Hospital Tilburg, and Tweesteden Hospital Tilburg) between January 2002 and July 2004 were eligible for inclusion in the present study. The diagnosis of stroke was based on the presence of both an acute focal deficit and an associated lesion on CT or MRI. Patients with a normal scan underwent a second scan within the first week post-stroke.We excluded patients with a neurological or psychiatric history, with a history of preexistent cognitive deterioration (as defined by a score of 3.6 or higher on the short Informant Questionnaire on Cognitive Decline in the Elderly -IQCODE Dutch Version) [11] , and patients who were admitted to the hospital > 24 hours following the first symptoms. Patients older than 85 years were also excluded to prevent disproportional aging effects on cognitive performance. We applied no exclusion criteria with regard to the severity of post-stroke cognitive impairment, and both patients with aphasia and unilateral neglect were included. In the University Medical Centre Utrecht, intravenous administration of rt-PA was supplied to all patients arriving at the stroke unit within three hours after stroke, if they did not have exclusion criteria for thrombolysis as recommended in the NINDS study [1] . The other two participating centres (St. Elisabeth & Tweesteden Hospital) had not yet provided rt-PA at the time of data collection.Apart from the rt-PA intervention, stroke treatment was similar in the three stroke units and standardised according to the same protocol. Moreover, the available rehabilitation programs were comparable across the three centres. On the whole, 25 patients received thrombolytic treatment and 67 patients did not. A control group was assembled as a reference sample for the neuropsychological examination, consisting of 75 subjects living in the community. The controls were either spouses or family of patients, or volunteers who came to our attention through advertising in newspapers or by word of mouth. Control subjects were carefully matched to the stroke patients with respect to age, education, and gender [9] .
The ethics committee of the three hospitals approved the study protocol. Informed consent was obtained from all participating subjects before inclusion in the study.
■ Baseline data
Stroke severity at the time of admission on the stroke unit was obtained from the medical files by means of the National Institutes of Health Stroke Scale (NIHSS) [12] . In addition, demographic factors were recorded, i. e. age, sex, and level of education (scored with 7 categories ranging from 1: did not finish primary school to 7: university degree, and dichotomised at the median) [9] .
An extensive neuropsychological examination was administered after a minimum of 6 and a maximum of 10 months post-stroke, and was performed by the same investigators at all centres. The examination comprised 7 cognitive domains [9, 13] : (1) . The procedure of administering multiple neuropsychological tasks within one cognitive domain allowed us to transform raw test scores of patients on individual tasks into compound z-scores based on the means and standard deviations of the control group. Subsequently, we averaged z-scores of tasks belonging to the same cognitive domain [9] . Cut-off scores for cognitive impairment within each domain were determined by a performance that differed from the control mean at the 0.05 level of significance (zscore < -1.65) [13] .
■ Definition of outcome measures
Cognitive outcome as assessed with the above-mentioned neuropsychological examination was classified as (i) 'cognitively intact' [defined as no impairment on any of the cognitive domains] vs. 'cognitively impaired' [defined as an impairment in at least one cognitive domain] and (ii) severity of cognitive impairment [cognitive compound score which is the unweighted average of the seven cognitive domain scores].
Functional outcome was assessed with two separate ADL measures, that is basic and instrumental ADL measures. Basic ADL instruments assess straightforward activities such as personal hygiene and dressing, whereas instrumental ADL instruments assess more complex activities, such as grocery shopping, household management, and social activities. In this study, basic ADL was determined with the modified Barthel Index (mBI) [14] . An mBI value ≥ 19 was used as an indication of intact basic ADL function [9] . The Frenchay Activities Index (FAI) [15] was used to assess instrumental ADL. In total, the scale comprises 15 individual activities summed to give an overall score ranging from 0 (inactive) to 45 (very active). Intact instrumental ADL function was defined as FAI ≥ 15 [9] .
■ Statistical analyses
The primary aim of the analyses was to compare the prevalence of intact cognition and basic and instrumental ADL independence after six months between the patients treated with rt-PA and those not treated. To this end we calculated crude and adjusted odds ratios (OR) with corresponding 95 % confidence intervals (95 % CI) by means of logistic regression. We adjusted for age, sex, level of education, and NIHSS at baseline. In addition we compared the mean cognitive compound score between the patients treated with rt-PA and those not treated by means of linear regression adjusting for the same four factors.
Results
Patient characteristics are shown in Table 1 . In general, patients who received rt-PA treatment demonstrated a more severe stroke.
An intact cognitive outcome after six months was present in 52 % of patients treated with intravenous rt-PA vs. 66 % of patients who were not treated with rt-PA (adjusted OR 1.0; 95 % CI 0.2 to 4.3) ( Table 2 ). Basic ADL independence was found in respectively 88 % and 82 % of patients (adjusted OR 13.5; 95 % CI 1.4 to 129.4), and instrumental ADL independence was observed in respectively 83 % and 80 % (adjusted OR 7.1; 95 % CI 1.2 to 42.2). Treatment with rt-PA exerted no positive effect on the severity of cognitive impairment (adjusted difference 0.01; 95 % CI -0.4 to 0.6). Next, in order to further examine the potential confounding influence of stroke severity in our study, we compared the 25 patients with the highest NIHSS scores (6-17) who were not treated with the 25 patients who were treated (2-18) (total group N = 50). We performed the same regression analyses as before, yielding the same absence of treatment effect with respect to cognition (adjusted OR 0.9), but instead an even more profound treatment effect with respect to basic ADL (adjusted OR 47.1) and instrumental ADL (adjusted OR 12.7).
Discussion
This is the first report on cognitive and instrumental ADL outcome after treatment with intravenous rt-PA administered in the first three hours post-stroke. Our findings suggest that rt-PA treatment is associated with a favourable basic and instrumental ADL outcome, but not with a beneficial cognitive outcome at 6 months. This sample included only patients who survived a firstever symptomatic stroke. Therefore, these findings cannot be directly generalised to the stroke population as a whole. Furthermore, it was not possible to randomise treatment. Patients did not receive treatment either because they were admitted to one of the two participating centres in Tilburg (The Netherlands), because they were excluded by means of the NINDS criteria for thrombolytic treatment [1] , or because they arrived too late at the hospital (> 3 hours post-stroke). As a result, patients subjected to rt-PA in our study demonstrated more severe strokes than the untreated patients, in line with findings from a previous study in which patients with more severe strokes arrived earlier in the emergency departments than those whose condition was less severe [7] . Risk adjustment statistically addresses this heterogeneity and has been shown to reduce bias in treatment effect estimates [16] . Nevertheless, there might be some residual confounding that diminishes the estimated effect of treatment in our study. Therefore, we re-ran our analyses with comparable groups with regard to stroke severity and obtained essentially the same results, suggesting that a potential bias in stroke severity cannot fully explain our results. Moreover, functional outcome six months after stroke was better in those treated despite greater stroke severity, with respect to both basic and instrumental ADL. This is an important finding suggesting that rt-PA treatment not only affects straightforward activities such as personal hygiene and dressing, but also more complex activities such as grocery shopping and household management. Independence in these activities enables the stroke patient to be discharged home without being too dependent on others. With respect to basic functional outcome, our findings replicate and extend a previous study on the benefit of rt-PA at 6 and 12 months post-stroke [3] .
In contrast to our findings concerning functional High education*, % 43% 64%
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Crude relationship Adjusted* relationship * Adjusted for age, sex, level of education, and NIHSS ** All data are odds ratios derived from logistic regression, except for the cognitive compound score which are betas derived from linear regression. An odds ratio < 1 denotes fewer patients with intact cognition or ADL independence in the patients treated with rt-PA. Beta indicates the difference in the mean cognitive compound score between the patients treated and not treated with rtPA. Beta < 0 denotes worse cognitive compound scores among the rt-PA treated patients Table 2 Crude and adjusted relationships of rt-PA treatment with cognition and ADL outcome, we could not demonstrate an effect of rt-PA treatment on the prevalence or the severity of cognitive impairment six months after stroke. Three alternative explanations may be given for this finding. First, it is possible that treatment with rt-PA does not affect cognitive outcome at six months. This explanation would suggest that reducing the volume of the lesion is not sufficient to ameliorate cognitive functioning in the long term after stroke. Other factors, such as the location of the lesion [17] , the volume of hypoperfusion [18] , or neuronal metabolic changes [19] have indeed been shown to be equally or more important for cognitive recovery after stroke. Alternatively, it is possible that rt-PA reduces lesion volume resulting in an improvement of focal cognitive functioning, but that, at the same time, rt-PA is neurotoxic [8] resulting in a concurrent global cognitive decline in some cases. A second explanation for our finding regarding cognitive outcome may be that rt-PA treatment has a short-term influence on cognitive outcome, but that this effect is not sustained at six months. For instance, the rt-PA group may show a better cognitive outcome after 1 month than patients who are not treated with rt-PA, but this difference might disappear in the long term due to a gradual recovery in untreated patients resulting in the same cognitive outcome after six months. The third explanation concerns the design of the study. Perhaps the statistical power was insufficient to demonstrate a positive effect of rt-PA on cognitive outcome, or the effect is masked by the abovementioned residual confounding of baseline differences between the two patient groups. The latter explanation seems less likely given our findings with respect to basic and instrumental functional outcome.
A possible limitation of this study is that the NIHSS stroke scale demonstrates a lateralization bias, i. e. prior research has shown that it is a poor measure of stroke severity in patients with cognitive dysfunction due to right hemispheric stroke [20] . Therefore stroke severity may have been underestimated in patients with a right hemispheric stroke in our study. Nevertheless, it is unlikely that this lateralisation bias would exert a differential influence on the different outcome measures. In any case, future studies with randomised and larger stroke samples are needed to examine the short-and long-term effects of thrombolytic treatment on cognitive functioning, and it would probably be more suitable to administer a stroke severity scale of which the score relies equally on functions of the left and the right hemisphere. Moreover, as the treatment is only safe and effective within the first hours post-stroke [6, 7] , a revolution in neurological services is needed with an emphasis on immediate care. In addition, public education is essential in order to improve knowledge about symptoms of acute stroke.
In sum, our findings suggest that rt-PA treatment influences basic and functional outcome, but not cognitive outcome after six months. The findings should be confirmed in a population more representative of the patients who are typically enrolled in acute stroke trials. In the meantime, the search for appropriate neuropsychological interventions aimed at reducing cognitive impairment after stroke remains crucial.
